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14. . .SCANNING LINE DRIVE CIRCUIT 17.. -CONTROL LINE 
11. . .CURRENT-WRITE PIXEL CIRCUIT IB ... HORIZONTAL SCANNER 
16... SIGNAL INPUT LINE 15. -.DATA LINE DRIVER CIRCUIT 

(57) Abstract: When current-write pixel circuits are used, data must be written in the pixels line-sequentially. An active matrix 
display in which current-write pixel circuits (11) are arranged in a matrix comprises a data line driver circuit (15) composed of m 
current driver circuit (CD) (15-1 to 15-m) so provided 
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as to correspond to data lines (1 3-1 to 1 3-m). The data line driver circuit ( 1 5) holds temporarily image data ( in this working example, 
luminance data) and supplies the data in the form of current to tlie data lines (13-1 to 13-m). Thus image information write drive of 
the pixel circuits (1 1) is performed. 

(57) 
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m(D^^\z-^m\^x%9L\-fc^ntcmmo:>nM\^^'i^.^^^ (CD) 1 5-1 — 1 5 

xmm'T—^ i-:^mx\-t. mm^-:P) ^-K^miy. v-^^^'i^^n^mmcDm 

X'T—^W 13-1 — 13 -m(D^>i^\Z^^^Z.t.\Z^^X^mmm^l 1 iZl^ 
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m Wi ^ m- 

mm-^mtDn^T^v^^-^-^ho^xmrni^mmizmv. mz. mn^mmzj: 

X(j!^T> W^EL (electroluminescence) tWDm'f'^m^^^T "tH h 

^)^7.m^m'Ei^^^mmzm^^. 

• m m ^, m 

E\z:^\^^'z\%. 0Wi(Dmm^'^h^)if-7.mzmmv. m^T^'^mmmm\z)i^x:. 
xmmmzym.m^nm'r^ z.t.\z^^ xmm.(Dm^mW}tiM7f:>fi^ ct 5 \zu-d 

\^^t>^^mm%m(Dy^^ 7.':fu^x^^rc^. m^^^ t.-^v^ K)t-<x 
^fcLs ^^yt_mi^(Dmm}-^^tnzmn^mmmz^'D-T:mm-^ti^^ ip-^w.^e 

:i;aE.L5^^ 7.yi/-f m^y"^ y(.^U^ iimm. 't(DM%m:^^.t 
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5 (Thin Film Transistor ; TFT) t;iJ;oT$!jt^-r^. TiJ7 :7'-T h U ^ X:^^ 

■ (m^mm(Dmm) o^j^fu^^t- (cJ:Di¥iffl{::«> ^m^nms, 6 8 4, a 

6 5 8 - 2 3 4 6 8 3 o . 

10 ^(D^^mizWt^mm^mt. ,m3 3 7b^&BM^f}^f3:^3\z. ry — k (i^m) 

oicD^v—]^ (mm) \zmm-^ti. v—xijmm-^rir^TFT i o 2 tf 
T 1 0 2(D^—htif^>}^ t<Dm\z^m-^nrc^^/'^ty^ 1 0 3 ^i. HP-f > 

;^tTFT.l 0 2(D^~hiZ. V — X-fy^^—^Ul 0 ^~ h-^^M^mi 0 5 

15 tc^n^n^/^^n:/cTFT 1 0 4 ^^.wr^m^^?a:pxv^^o 

d^ll?. WaEL^^«#<(DJ»'&^^1430ti5§;^je). OL ED (Organic Lig 
ht Emitting Diode) <i:li?ffn^ili:^^'afe^o T. 0 3 3 ^ J^lX^<^:){t&© 

ig-tfJt, OL ED tbT:§^*-r:t— F<Z)tB-^^ffiViT^bXV^^„ fc^^^b. i^TO 
. igajtC:feViX, OLED.fcJ*i^5>TU'bMxSStt=SrM^t-^fe*©Tt*)^ci:Vio 
20 _hf2«^ife©®*tHim<Z)l!jf^«^^<DjlDT?^-2>o ^^T. 1 0 5 CD^-fi^M 

^.jK^ (Jld-e^^, iSl/^;l') <i:b, 5^— i^'^ 1 0 6 JC^^ji^m-fiVw^PPJn 
T^i:^ TFT 1 0 ^ajmrnVX^^Z-^zy^ 1 0 3;&^3^«*fct^iS:m^n, TF 

T 1 0 2 (D^— hmmtm^^^mtv^ ^u^. :^iz. m^^i o 5(Dn^^ 

^miSi^m (c:ci-r«. i&U^JU) ft^ts ^^ai 0 5 tTFT 1 0 2 i« 
25 m^Wfc^J3^^n§/?»^, TFT 1 0 2 (D<ir— 1 0 3 tCJ:-^ 
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-?-tT, TFT 1 0 2:fe<fcrjCOLED 1 0 1 td^n^^^t^. TFT 1 0 20 

y-h • '^—xmm&vs s \zmcr^mhfj:y). oled 1 0 i^t^om^Mmiz 
t> \z-^ h u :^^\z^m,^^. 112-1 — 1. 12-n ^^^nmwj 

^<7\*) 1 1 4j5^e>-T^'— 1 1 5 1~ 1 1 5 -m^3lUX«#i2-^^^«9 3M 

c^,7.mm^mm^zit^xmytm^<D\d-'^mm. h:—i^n^^~f^f^n^ts:^<D 

20 . hz.ix'. Ti75^.^yx'hUi^xM^aEL5^^xyi/-rtc^v^T«. mmm 
"i^^vx-mz. :ff^:^mu±\zj^m-^tircmm'y-hmmmnn^Mh^>>^ 
7.^ (TFT) mm-^n^o ii^^f)^. zL(DT¥T(Dmmzmm-^n^T=t)v 

yr7.zy^)ny (#^aKv'Un» 4>7j?Uv'Un> (^MS^/'Jn^) 

25 TFT ti#ti CD e. o ^ # c ^1 7)^^^ < ^ e> nx V ^ ^l) „ 

mz. it^6<J:^Mco:^f'^X«^±fc3}?U U 3 >t F T ^J^^T^^'&t^ita:. 
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m V . J^-g- o X 1 V JKA -b e> -S) < ^1 i: t> ^ n-r T'ci: . 

. ^<Dm^. mxumfs.^mmzni^xmx^n^Yvr^m^ohhj'^h. mm\z^ 

#5i^M®H*IfiIj^^^^l^XVi-5 (ffll^i;^5B#^WO 0 1 -0 6 4 8 4 ©^fg 
15 = 

n.MV s s fcMM$ti;?:OL ED 1 2 1 H Iz-T >'/i'^'0 L E D 12 1 (D7 J— 

T) .^nfeTFT 1 2 2 .h. dCDTFT 1 2 2 (D^?*— h t ^^t'^ > F i:CC>rBl{C^§l^ 
20 •^t\,fz.^\n-yd' 12 2. iz. h tJ^^^T F T 1 2 2 (^J^— h V — X 

/i>^^^it^nfeTFT 1 2 4 i:. H l^-T >;e>^T F T 1 2 4 © K l^-T >fc, y— 
5="— 12 8 iC, 'ir— Vifii^^m. 12 7 til^n^'n^M^nfeT F T 1 2 5 t 
^ Flz-r >/^?^^TFT 1 2 2, . 1 2 4®=S-y— btC, y— Tv^s^TFT 1 2 4. 12 

so^Hiz-r^Jc, <jr*- h 1 2 7 jc^n^*nMig^n:^TFT 1 2 ea: 

C(7D|lIg§F!lX^i. TF T 1 2 2 . 1 24i:bXPMOS (m#^mh^>><X 
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1^) , TFT 1 2 5, 1 2 6 i:bTNMOS ^fflViTVi^o ^ cDpi^|lIgg^J^» 
-r^^-f h^iil3 6 (A) ~ (G) t;i^t'o 

,i XTFT 1 2 4{d^n^o ^:©<h^^ TFT 1 2 4^::^^^^— h • V— XPh1« 
10 EE^V g s .h-r-So #^j?i^^«> TFT 1 2 6 fCctoTTFT 1 2 4©^— h 
- Fl/-r >PBlJ&^^0l&^nTVi^®T. TFT 1 2 4M?PMJ^1?ft<^'^'5>o. 

I w=At 1 Cox IWl/L 1/2 (Vgs-Vthl) ^ <1) 

ti^^tLt^. (1) ^(c::B«.iT> V t h 1 «TFT 1 2 4©b#ViM, 1 

15 \ ^) T (D'^mm.. c o X 1 Wl 

;^{C. OL E D 1 2 1 \zm.t[.^m^^ I d r V h-^^t. CODft^ I d r v 
OLEDi 2 1 ,?=il:3?llfc:#M$n:^TFT 1 2 2 fc:a;oT«^ffi;«>^M^n'§>o 
0 3 5 l^L^-ria^tHlSgTt*, T F T 1 2 2 <D^— V • V-XfeimET^i^ ( 1 ) 

20 vg s \z~-^-t^(D-i^. TFT 1 2 2-mmumMr(:WiWr^ tm.'^-tnu. . 

Idrv = M2Cox 2W2/L 2/^2 (V g s - V t h 2 ) ( 2 ) 

MO S h ^>>^7.^:0^^^foM^-e»jf^T§^#J*> — ^tc. 

lVdsl'>|Vgs-Vt| (3). 

25 Tr^^e:i:;i)^^6nTV^^o (2) ^/ (3) 5S:©#/^^ ^-^5^ (D^^tt (1) 

iClT. TFT 1 2 4i:TFTl 2 2i«, /jN^T^cM^f^gMc 

5 . 
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TBl^lyXm^-^n^Tcib. mn±. ulI^uZ. Cox1=Cox2, Vthl 
= V t h 2 t^^en-So -r^t. (1) (2) 

I d r v/ I w= (W2/W1) / (L 2/'L 1) <4) 

. L ED 1 2 l\z.mti^nMl d r v«IE«ifc»#j2,^«2^ I wt::it#!|-r^©-e, 
^r^tbT, OLED 1 2 l(D^^)S^Jt^jEii{C$iJfPT#§„ 'f?iJ;lJS. #l;iW2 
= W.l. -L2=-L1 t-WtWr-tnU. I d r v/ I w= 1 . fip-&TFT##©t^G, 

10 -iD^jcj^e)^. w^jA^^Mi w^oLED 12 1 jc^n-sm^ I d r v ^j^IWI 

v-^yii? (mb n o 1 i t h i c) ^S.#:g^#tCi:oTMjS$n^o bifey&^-DT, 
. ;^^j&^'0;^t75:^7c56, ^i^<D«M#-1=IB^tf ^;/5^;^^^cD;^/6^e.fe. i^m-mm 
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th$>^-^^. TAB (Tape Automated Bonding)S^I?^Jc: J; o (:fS^7.^ 

:km^7^^:&^^m^m^mm(Dmmm^m3 7 iz. ^(Dmi^^-( ^ >^^'^^— 
h^m38 (A) .~ (F) izm-To S3. 7 }^*5i/iT. m3 4^mm^^iz 

10 ^•^Sr#L'T^bTVi§o 

0 3 7 tc::fe(.iT,. -T^-iJ^lil-l 5 - 1~1 1 5 -m.®€— $^<hm-^A;'j^ 1 1 

7jc^X-< >.y^HSWl -HSWm^, 7X^:^4^^:?- (HSCAN) 11 
^^aJ:^^n^Mf^A°;l/Xwe 1 ~wemJ^cfc::>Xo nXo f f ^Jt^^tl-So tK^ 
15 X-r >;/^HSWl~HSWm45d;r;^7K^;:^4^i':M 1 7«TFTX^^$n, ® 

mm^i 1 hm-(DmmjL:mizxmmizmm'^n^o 

tK^X^ ^ ^ 1 1 7 J- 1^, 7K^y^ ^ — h /-^Jl^T. h s p *5 ck IKtK^ ^U^y^ {t^ . 
h c k/^^A^^Ia-So 7K¥X^^:M 1 7Ji, 03 8 (A) ~ (E) iz^'T.iz'o 
\Z. Tk^X^—h/'^JVT.h s v<^Xt!^. 7K^^Pu/^#-^h c kCD^^ (5i^ 
20 Ji/&^\ti*5J::C/5A-^TJ^^^i9) t:i^i^;cbT>. /Jc^^-T S W 1 ~H S Wm^31iR 

7jc^X-r ^:/^HSWl~HSWmOD^'^Ji. iHJRAVl^Xw e 1 ~w e m}^>^^;l 

e>.n7t^rBit;i^aticM<h;'cCoT#-^A;t>,^ 1 1 6 ^ffiL^T#^ en^Hf^^— :^ 

(MBEm) s i n^7'-i5'^l 1 5 - l~^^-:$'|^l 1 5 -mtC'e;^-So zm^d 

25 ^sotkjs^i 1 3 iz^':^xmiR-^nr^M^m±(Dmm^(Dm^^^^-^^ ■ 
j^m:kizxnt>n^o y'—^mi i 5 - 1— iS^m 1 5 -mjc-^^6>nfem 

■ 7 . 
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^^mmoDm-^. i :^<Dm^Atim i i e t:m^wm\zmmT^m}^x^^r:iib 

mrnvr^m-^izu. ms 7 iz^-r^-^tji^mmncDm^xi'^mmi 1 im^;^ 

\^>^^—^m±(DmmizMi^x\-ijE'^izmmm^j^^mft>n^o ^(d'i^. 
y^us w-^mmm ^tsi^r^^. Mft^-r ^ "r— ^ Wt\zm.ri^nm.f}^-^ utt^ -ox 
miLtsi^n^.\z^\^x. t(D^^WL±(D^^x(Dmm\zm'^(Dm'^jK^mMf)^^ 

ni 1 s-^-^ib—-mvxm^^^^^nomj^^m^>z-mf)^^^o 
TLtiu. m s 4\z^\^r^mm^M.mwj:f^^<ommmmhm:^m\zmcmmt.fii-o 
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.8 ^mf^T^nm F^-rniHig&cDi-cDmcDiii^^*. ^n^tmm/'^:^-)^^ 

10 2^^B^fcck^Ti7 5^^:/-x'hUi7 7>MS^^Sfr^. m^lcJ^oTllj^'lt^cD^ 

EI 2 (A) ~ (K) mimmmmizm^T^^^y^'^hv ^xmm^'^m 

9 
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10 0 9 (A) ~ (J) mzmmmmizm^r^v^^^'^hv^T.mm^mm 
mint. m2mmmM<Dmmmizm^y^'T^':^^hv ^:^m^mmm<Dm 

joKM ^^fy n ^ HIT § o 

20 01 5 (A) ~ (c) m4mmm\zw^^f—^m\^^-<nm^<Dm^W}i^ 

mi 6\t. ^4m^m(Dmw^m^^-rm^m'v$>^o 

mi7j,t. rj^^F^-i* Amtell 5 jusg^y^^-rnii^iii'xrfe^o 

10 
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m2o (A) ~ (G) m6\B\mmizm^'T'-^m}^^-( /"^m^cDm^wji^ 

5 1112 3 (A) ~ (D) ^8 llIig§Fyfc#^7="^IS H'^-i'/t|Hll2§(;D.|lIg§»>f^ 

EI2 8 (A) ~ (O f*. m4^Ji3^^JC'e^^Ti57 5=-^ ^^'ThUi'XM^^^ 
^%=^ (LK) 0^:^^i£B^-r§ElT^S» 

=^^-=jm'f' (PC) ©5^:^^|5gHjt-^liITab.-So 

0 3 4 ?*, IIM^^gK»:^^(^T^7 7"^ h U ^XMS^g«©=P^^J^,^-r 

25 yD^;/i^01?ag)§o 
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HIS 6 (A) ~ (c) ^^mmizm^mm9^j^^mmmm^(D\Bi^mi¥^ 
EI 3 8 (A) ~ (F) i,t. .^mmmyj^(Dr^^^-:rThv^7.m^^mm 

10 

im 1 mmmmi . 

-hlB^^MJ^W^^fctt. 1 2-1-12 - n ^jg^igld-r^^^^^ 

tfein^i 4mm ^ti^ t hh\z. ^—^mi 3 - i~i 3 -m.^mm-t^'r— 
^'^\^y-iAm^i 5^^'^tte,nTVi§o m^ummmmi 4\,-^mxu>^y hu 
i^7.^ti^^ttr,^ ^mm.^(omti^ifi^^mi 2-1-1 2 iKo^—mzm^ 

^MOS»ft F^-f /XlEjj2& (CD) 1 5-1 — 1 5 -mJCcfcoTl^fig^nTVi^o 

12 

>iSDOCID:<WO ^0239420A1J_> 



wo 02/39420 



PCT/JPOl/09735 



1 5-1-1 5 -mtS, ^Wit}i^:^^^—^'S1 3 - 1~1 3 -m(D^—mzmm 

■f— iS^^K^-rniEij^i 5 F^-rniugsi 5-i~.i 5-mJc«, m-^ 

-TtS:*?-^. 5^— ^^1 3-l~l 3 -infttr^tte.n:fem^H^-<7t|HlSS§l 5 - 
..:1 -15 -mf^mi— (7)fH^A:^;^l 6 :in^B#^#J69fC'i^ffi b-3:3pi 

^■7^— ^(7)SlD5i^?-&tT5o 'B^H^-i'mEl^l 5-1 — 1 5 -mtcti$ 
10 yK^X^Yi- (HSCAN) 18/&^e>, 2^J^(D^#j2.^MfP«#we A 1 — w 
eAm, we B 1 — we Bm;^^'#^,^^^n^o 

c k;&^'A:^^n^o 7k^7.=^-rir 1 8Um^\tiyy hU>^X:^ib^i^f3:r). EI 2 ( 
A) - (K) ,<DiS^-r a>57*5^^r-Mc^-rcfc5(c, zK^XiJ'— h/tJl^Xh s p(D 

VX. «€?2i^^]^'(f-^we A 1— we Am, w e B 1 — w e Bm=£lllS:^!^^-r 

'9^!j;t^f»#ji^$[IfPjt-^we A 1 — we Am©#^.«, 
fliS-^we B 1 — we Bm©#^le:>C=fbT4>-t>jgnfei5'-r ^ >ii^P#}c:^ ^» 

±iB«^!fe(D^ 1 lijg?^^ tc-m '5 h u ^7X^^^^stc:*5V^T, m 

. LED) ^ffi^i-Siifc^c:, 4-::50TFT (^ga^^^r^'- hM^W«#^:l: h ^ 
25 ^^n^ct-JfCfctoTV^-So ill^lHlg§l 1 <tbT«. EI 3 5 t^:^ L}^ HISS 
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;5^e>75:-ss^2 1 jifc, mmmmmi}^^rj:^Mi(Dmm m^u. mm) 22^ 

m^v. ^(D±\z'^ ibiziEiimMmz 3 . m^m24. m'¥'^m^m2 s^^^nm 

^mf)^&f3:^m2(Dmm mxu> mm) 2 s^mm.vrcmmtfsi-D'zu^o ^ 

m 1 (Dmm2 2 ^^2 ®«S2 s ^(Dmizm.^n}£E^muT ^ z. l-c. 

z.cDmmB'Lm'^ coled) ^^ty®^inissT«, ±mhr:i^'D\z. mwim 

'^ti^x-'miz-ff^7.m^±izm^^nr:iTFT-^m^^^ti^o ^ux. z(Dm 

1 5-1 — 1 5 -m^jfJ.f L'fe^^/1^;P_LJC|Stt^i^^^«fj:<, /'^^Ji'^mz 

im 1 ms&^J] 

EI4«, t"— r^^F^-f Alsll^l. 5Sr^^!KT^«gSF^-rA|Hlg§l 5- 1-1 

m4f)^^m^^^tji^^iz. :$imizm^nmv^-( ^mmt. 4-r)©TFT 3 1 

~3 4^J:tKl-^®^-V/N°i^i5' 3 5;J>^6^^^tlTl/i^o il(^)l5Ig§F!lXJi, TF 

T 3 1 — 3 4(D-r^T^NMosx«^l^TVi§5^)t. ^ti^t—mx^^x . z.n 

izmBtl/b%<DX\tf3:^^o 

04{;i43ViT> TFT 3 1 i-^^(Dy—:^-^^mi&-^nxm^^^^^i^x^^^o 
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^(DTFT 3 1<D]^1>^ >\Z. TFT 3 2. 3 3 CD^-V— X:fecfcr>*T F T 3 4 

F u^ y-fy^^n^nmm^nxi^^. tf t 3 2 Fk-i' >mm-^Aiom 

d e/&^#;lSn^o.TFT 3 4V*. ^CD.V— X:^>^T F T 3 1 CD^r- h ICljgJ^^n 
^^■^TL^n^o TF T 3 1 (D^— h^^^lSTFT 3 4(DV — X F tOfe^lC 

10 mz. ±pm^(Dmm}^^-(/m^(Dm.mwsmz-^^^x. ^5 (a) (d.) 
15 T?fsi£i^^;p) ii-r^o cKD^mxmnxtimi eizmwtmi wcDm^mcs^ 

mmT^^tiZ^V. TFT 3 2 (DV— 7>^3lbTTFT 3 1 I 

ClCO<h#. T.FT3 lc75^r— h- F K >rBlfiT F T 3 4 Tm^e^tcM 
M^nXViSOT? (3) TFT 3 n^l^fPM:^T?»jf^f 

20 -dX, ^©^r^- > • y— ;:^Pb1Jc:«, 

Iw=mCoxW/L/2 (vgs-Vth)' (5) 

X#;^Sn^mffiVg s ^^^^-So CieiX, V t hJ^TFT 3 1 ©b^Vifii. fj. 
^^^^ U T©#»!jJ^. Cox (imiM^^fe D Wit^^^^JP^m. 

.25 ^fc, ^1, m 2 (Dm^i^^mmmnw e A, weBti^mi^^mhT^o m 

V<\-±. m2<Dm^ih^mmm^^eB^i&U^A^i.XTFT 3 4:^4¥ 
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Sil^'ciitl^, b/^^^^TFT 3 2 ^#*®JKSSa:-r^. gp-^ T F T 3 2 iC^feSilo 

xTFT 3 4^$mm'^mfr^^fi:\ mm^-^ o:>9^&^^mmizn^ ^ 
1 :^^m^umm-T:mi^hxi^nit. TFT 3 I ^mn^nm^^ 

.1 d=At C o xW/L/2 (v g s - V t h) ^ (6) 

mmiwiz—mT^. 
-r:^t)-&> mAizm-tmmt. nm^com-cm^^^^nrcm^'f-^s in^ 

^mmT^mm^^T^. -^BiziKDmmz^v^x. (5) ^c. (6) ^fpco^ 
m 4 iz^-rmm^, TFT(D^mt^'D^\z^^-f. m^Th^nr^nmm^iEm 
m^^x. mnzm-rmimM^Miz^^r^y^^':^'^hv^7.mm:^mm:iz:i3 
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^-rniUi^ 1 5 - 1 ~ 1 5 -mt LTia 4 F -^-r /tlHlgS^ 

ffll'^/ctf'&(Z)»jf^tC-^ViT, 0 2 (A) ~ (K) (D^-r^ hfc^^^^ 

xmrnt^o 

5 7X¥i7 p y^mnh. c k (Dmmzn^svx. mi, m2 om^i^^^^mim-^w e 

A 1 ~we Am, we B l~w.e BmSHi^^^T^o dUT, »^52i^M^fS 
■^we A 1 ~we Am©#^t*, ##35.^$!ltflf#^w e B 1 ~w e Bm(D#^ f::: 

-^-^we A 1 -^We Am, we B 1 ~we BmldlWI^bT, 'fff-^A:^;^ 1 6 ^ 

10 nm$.(Dmx?K.i3'^n^. 

-ebT, 7jc^^D^y^h c k:05mi5^P';/i$7rb''A;'J$n^<i:. miH^m^K^-r 
AlEji^ 15-1-15 -ml^®^5^-i§^ s i nT^^^^jiStl^o 

15 j^i 3 - 1 —T^-iS'igi 3 -m-^mm-^ti^o mmumm^d ef)mnmm(Diz 

rcmmiUzMiyxmrn'^m^^^^-^miDn^. 
^^mi 2-k^0miRt:-r^tm^j^^i!)mT'r^:^^. m2 (a) ~ (k) 

Ammy^^'^^m ^c/m^H^-fAiPiggi 5- i~i s-m^cD^^^x^i 

, T-*-:$^r#l 3 - 1~1 3-m©m»J5&^^>'UTJVfctTfc)n^fcJ6. ^in&^^iZ^ 
25 [S2l51g§|Rj] ■ 

BI6^i, m^F^-r/^^iHisgi 5-1-1 5-m<^{ifi®iHig§^F!i^^fiHi{e§iM-t?^ 
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i\z.^^x^^^—:^. ;^^)vp^U(DT¥T\-t—mzmwimi3ffin^-^^^^ -B-v^m 
15 ceiT^-r, mAo^m^mo^m-^^z-Dx^^-Xs m^^^^\z>j^-mf3inm^^^^o 

♦ TFT 3 1 h ' Y V< >Pml7&tTFT 3 4 t;icfcoT@l§$n> 

^^'DXm^%^Xm\'^'t^^iz^^-^XX. MOS h^>i^."^:$^0^ (1) 
S^^'- h • y-Xf^imJEEV g s "T?^:$^^-r^ it?. .. 

l/Rn=MnCoxWn/Ln (Vgsn-Vth) (7) 

20 ^.#§0 TFT 3 lifiYkM.O^l:tb^(DX. >)^<^Un'y :^ — '^\zWm^ 

n^#bT^bTVi-5o Rnt3:TFT3 KOm^KfiUl ^ti^^n^fcW^^^X 
■h^. Ctl*Mt-^A:^i?^i 6 OQA:^ffitrLTrfe^o /J:43, T F T 3 2 «T-^D i/X 
-r 5^1?* D Sit^lt^M-r^/O^. T F T 3 1 t;iJt^T+^/jN^ ;^cJ:JS$i;<it tJ'^J:^ 

25 (1) (7) 5ti:f3> 

Rn=l/v^ (2 At n C o xWii/L n • I w) • (8) 
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5 . r = C s XRn (9) 

m%TL^m^^mM'^^t:L}sb\Z\%. (9) TFT 3 1 (DA:^Sin;Rn 

m^i^. ^Kt/i^^fjiy—hmm^^'^'TFT 3 i^mm-r^^nzu^rai^. 

z.z.i:\ mQ (Dm^m(Dm^W}i^\z'D\,^-xm?L^o m^xtswi Q\z\-^mmw, 
20 cstmm-^nxi^ri^ z.(Dnmucs ^■:^nuY'7^ nm^h(Dm\z\-^\t^m 

TF T 4 o-^mf-amM-cmi'^i^^^^^^Tnit. ^at«cMt'^viT«> Mosh 

^>z^X^(D^ (I) iZ^^Xs 

I w=ja p C o xWp/'L 2 (Vgs-Vtp)* ••••••(10) 

25 ;0^'^D3iOc TFT4 0:!^>^^PMOS-ri&'5©T, i^^-'^UA^y^ — ^ iZit 

^^p *#UX^bTV:k^„ 
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n«\ 

I w=jLi p C o.xWp/L P//2 (Vin- 

Vg - I Y t p I ) * •••••• (1 1) 

5 . ^^f5^V tL-D Z.^mo-h-^^. V i n ^^ISY e i-i^tl'etl. > F Vfc 

(11) ^(Dmm^mnxtimi 6(Dmmv i m^u^-rnu. 

l/Rp = M P C o xWpXL p (V i n-Vg - I V t p I ) - (12) 
>&#^„ RptiTFT4 OCD{a^A;b^l 6:;&^e>^fc=^^1£tn;T:$.D, iin:^>Mt 
10 -^Xtim.! 6(DXijt&^T$>^o (11)^, (12)^J:D 

R p = 1 (2 a p C o xWp/L p • I w) (13) 

r =C s XRp (14) 

15 d ci-eagT^#:^<^it. (13) CI 4) ^jcj:nt^> m^^^^m^m: 

tiT F T 3 1 tClM-r^/N'^p^ — iJ' (Wn. Lny^i*) t::M#?^.<, P5^i'^;t'T 
F T 4 0 fcJ^^T^^'gxhl/iO il<i:-Tra5^o ■rT'cJit)^.. TFT40©Wp/Lp 

^;^#<^^-rnf^. (13) ^izx-^x^Mizm^xtimi 6<^a;^is^rp 
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Z-^-v. TFT 4 0 SrlSfB^^Ti!if^^i±^:feJb©;^^te:ov^T£ilTi3^t" o 

MO s h'^yz^^^-^mmMmx^mr^T^fctbo^m-^mMo^oiz (i3). 

Vd<Vg+ I V t p I (15) 

..- TF T 3 1 \%^(D^— h • KU-O^TFTS 4 J:-:? T«^65fC@^$nX*5 

10 D> dfEn^«»^if pj^ffivio ^1 © d i.;^^ 6 . ^(DV^v^ yni±m^\tY t 

.iintiTFT4 0(DFl/-r >«^VgTfe$)^c b;^;?>^^^T. (15) 
^J^, ■ • 

V t n<Vg+ 1 V t D I (16) 

15 ufeT&^ox. T¥TAo^m^m.m'T:m^-^^,^rcmzu. (le) iC^o^'efeD 
±.m.\^rz.:;^v\z. T¥T 3 1 hmmmcs h(Dmz. mM'T—'^ s i ricDm'^ 

5^^>-;V'TFT4 0) ^^^-r^;l^:T> 2^«^H'^-milIg&'\©J^S^i—^ s 

i n(Dm'^iL^^m4.<Dm^m^r>^mmzn^^?:iffl'v^^o . em^c^D , — 

7^ci:fe> P^-^'^-;VTFT4 0 ^TFT 3 1 <h«»it-MC S iKDr^l 
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\zTFT 3 2^i\-i.xmmt^m^m^^ivrz:t^. mi izw-r^^^z. mm^- 

TFT 3 ^iZi^Xxmi-f. C®P5^^;r-;l/TFT4 0 iC-r >tf-^*>X^^iX- 

m3\%. :^^BB(Dm2mmmmizm^r^y^-f^'^hv^xmm^mm(Dmi^ 
10 m^^-ry'u^y^mx$>y). m^. mi izmm^^izi-^m—u^^ftVT^ux 

:$:mmf^mizw^^r'^5^^y'-^hv^xmmi^mm.iz^^^x. mimmm 

5 ' (Dmmiz$>^o 

•ru^t>. m 1 mmm?Mxuy'~^m f^-t /tsss 15^ 1 ^!J^©«m k ^-r 
15 nmmi 5 - 1 ~i 5 -mxm^VT\^^^^(DizMi^x> ^^^Mmmmx^-ty'—^m 

H^-TAHISg 1 5 ' ^2^J^®mS^K^'f AUn^l 5 A- 1~1 5A-m, 15 

B - 1-1 5 B -mxmf^vx^^^o iitis 2 ^]^(Dmm ]^ ^ -i /m^^ 1 5 a- 

1~1 5A-m. 1 5 3-1-1 5B-inl;iJi, m^Xiimi 6 ^®.bX^§|5/?»i 
20 2^!J^^©«gfE H^-r/tlHll^l 5 A - 1 — 1 5 A-m, 1 5B-1~1 5B-m 

\zf,t.-^^\z. 2:^(Dmmmi 7 - I,, i ? - 2^mi^x^^f}^^2^m(Dmmm 
m9 (Dt^-f ^>if^^-hiz^-t.k-c>iz. iMMmmmommxmm^Ki^iy. 

^ S V i j|6 (D it-^ <h fc£ o T V i ^ o 
25 — 7X¥^7.^-v^ 1 8 13:, 09 (A) — (J) (D:$^^ s.y^^^~-h\zm-t 
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~wem«, 2^iJ^^©«^H^-1'/^^llIg&l 5 A- 1 ~ 1 5 A-m, 15B-1~ 

1 5 B-mizm^-^n^o 
5 imsm^^m} 

miOit. m^F^-r/tlHlg&l 5 A- 1 — 1 5 A-m, 15B-1~15B- 

■ #bX^LT^i§. 2^^Jt;!:'^?>«-a!t F^-r/t|lIS§tl. 40(DT F T 3 1 ~ 3 4 43 
10 AiniS§t|wiCTa5?>„ 

mr^^j^j-^. TFT 3 z^^zsTFT 3 4^um-r^\3i^(Dm^x^^o 

Mm\Bim^. 3-0(D-f >/t— iS' 3 6, 3 7, 3 8:fei;afl -QCDNORIeli^S 9)5^ 

^mmm^-we(Dm^^KUiyXNORM^3 9 ::S■09A:^^UT#^I^T 
15 -So NORllIJi§3 9 mm^l7-l 17-2) Sr51 bX^gP/J^ C 

;^(DNORlEl^3 9^ffiii!b^|glft^JII«^d e 1 de2) Ji. ii: 

^TFT3 4<D<5^-- h{C#^^^n^i:^:feJc:. -f i?' 3 7. 3 8 ^^O^bTT 

FT 3 2 ©er— htc:#|$&;^n;5„ >/t— ^ 3 7 , 3 8}^. 0 2 (A) -~ (K) 

.^^^^mmm^weA(Dmnmm\zmm-r^mmmm^^i^. NORiEii^3 9^ 

FT 3 2(D^^— hfc#^^„ 
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del d e 2) ^M^^mtt^iltl^. m^j^^mmm^w e (D^ 

10 TFT 3 2 t3:$felioTTFT 3 4 ^##51*^^^-^^ CI ?ill75:5^-r$^*# 

^V^T> m 8 IC^f ll2^»M(C'e^^Ti:7 5=-^ h U i^7XM^^Sej^*3 

5 A - 1~ 1 5 A-m, 15B-1~1 5 B-m^LXMl 0 (DM 
15 ?jSt«^3X^^^^H^^;tlEli^^fflVife:®^®»jf^fc':3V:»T, 0 9 ( A) . - (J 

5A-1~1 5 A-m) izMVxmm.y^—i^ s i n pJtgi/^§„ ;i 

^^fc, k+ l#Scr>76Slll 2-k+ lii&tjlS^^n^tlgl&MfPM-^d e 1*^ 
25 iStR^^^i^tl. m^F^-T AIsII^I 5 A- 1-1.5 A-m{:i»^iZ^^nTVi§ 
'f—t^iZi^r:i:^^^X^-^mi 3- 1 —T'-iJ^^l 3 -m^mW}-^n^o ^(Dt: 
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siSF^-l'A'lHll^l 5 B - 1 ~ 1 5 B-m) izMVxmmf—^ s i n<D»#jX^ 

2#@0^^^i 2-k + 2i:)miR^nrct^izy'—^mi 3-1-13 -m^ 

5 mmT^o 

1 5 A -m, 1 5B-1~1 5B-m) ^M^B 1 2 - 1 ~ 1 3 - n (DW D # 

.^mij&i 5' -^(Dm^ji-^mm. ^r—^mi s-i-i 3 -irKDmBmrncom:^^ 
(Dm^T^^^^zSv'—^m 1 3-1 — 13 -nKDmmiz'^^^TmuysiWj^'^Tij^'^m 

:^mmmmxi!^. m^F^-r nuimi SA-I-I SA-m, 1 sb- 
l~15B-mtLT> HI 1 0.(C^-r«^»^32i^Stf«^F^<.nilIg§§fflVi;t 

.m7\z7K-rmmm^^^^mmm\^^^nmm^m\^^x^. mm(Di^mm^^m'r 

^o .fefcU, m 1 Q CD.|HlS&^!lCD«'&t^ti, *^5A^fimffi^we l~wem^X 
20. m^¥M^#^<hVi-5fiL-^5&^^a5'5o 

*^M?^.^tc'^^Ti7 5^Jr >*'*^F u>xM^^^afc:fe.i/iT. im^m 
mm(Dm^zmm-r^x^mmv^^ ^'<^^i 5 a- i~i 5 A-m, 1 5 b - 1 

mii\z^-r.^o\z. m^\^2:$i(Dm^xt}mi e>-i, le- 
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2^1gtt'^i^:t)JC. 'tt^K5<A*IlIg§l 5A- 1~1 5 A-m, 15B-1~ 

1 5 B-m^m(DtEm^^y^t^^^t\z:fa^y^itU. «^H^>rA^tElS§l 5 A 
-1 — 1 5 A-m. 15B-1~15B -mizM'r^m(DiEm^^<D^—:$^m^ 

j^^^m^x^m 1 6 - 1 fc, m(D:!^§m^(Dy^—^m^jh^^m^xtim i e 
^(Dmm^m^^LT. mm}^^.^ /-^m^i 5 A~ 1^ 1 5 A^m, isb- 

10 tt^ei^i'fepIggT^^o 

^tzi. ;icDj:-5tCl|y^F^-</tlElg§l 5A- 1~1 5A-m, 1 5B- I'-'l 

15 v-n. m4:(Dm^m(Dh<Df)^m\^^tc>n^^tizy3i^o 

-ry3it^t>.^l 2iZm-rJ:viZ. m^Xiimi 6- 1, 1 6-2(DAtimz. 

■ -oi^—^^yxmrnmh^y-yT.^. m^^tF^^^-jVTFT 4 o- i , 4 0- 

2 ^WX-r^^h%J,Z. ;itie>TFT40-l, 4 0 - 2^#y— hSriJ^^>.H 

20 eiT?. 'ft^A:^fli 16-1, 16 - 2 (C«^n-e^n.W^^«C s 1 , C s 2;^>^'^¥ 
^-r^:0^. ;\WT;5?;mffilfiVb i a s ^5i^l;i|g^-rnj^> P5^^;r>;UTFT4 
, 0 - 1 . 4 0 - 2 ^t&^D^:^Ti!^f^$•^§^l^:;0^'^^§v. 

eiCDct-5tC. m-^F^^AmSgl 5 A- 1~ 1 5 A-m. 15B-1~15B 

^^^P^-V^^;i/TFT4 0 - 1. 4 0 - 2 iine>TFT4 0-l, 
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4 0-2 (DWvy'Li>^±^umzmMir^z.tT:. mecDj^^mmcom^^m 

m<Dm^iZ<kV> «gfgF'^-rA*llimi 5 a - 1~1 5 A-m, 1 5'B - 1~ 1 5 

^^^aT«^ 011 (Dmmzm^x. "r—d^M 1 3 - 1 ~ 1 3 -m^^^x 2 
Bij\znvx2:^(Dm^xtsmi- 1, 1 Q\j - 2ifimn ^ti. "f^ho^— 

>5^h*^-r A^mS&l b'D\zn\^X 2if^om^XtiU 16D-1, 16D- 2ifiWt 

\~y^%'\^zLt.\zf^^o ■ ■ 

5 U, 1 SDT^^^n^timWj't^'^'-iS^Ml 3U- 1^1 3U-m, 13D-1 
~1 3 U -m<DMf^A^m 11 (Dm}^(Dm^(D^6^Xmtsrc^. ^"T — i^Ul 3 
U - 1 ~ 1 3 U-m, 1 3 D - 1 ~ 1 3T>-m(Dm-^ti^^^}if3iKi. ^(D^tin 

$ e> \Z. ®®l^±^:9-tT¥^<iiT:^S^ 1 2 - 1 ~ 1 2 - n ^I^Bttc; 1 :^-r 

mf^'^2mzx^^rz.^. ^—:$^mi 3u - i~i 3 u-m. 1 3d-i~i 3 
iiF^mm\znvz.tf}^-^mx^^o 
^1 4^^. m^\^^-i n\Bi^(om(Dmmm^^T\B\^mx^^o :$^Mizm^m 
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©«»f£F^-r/tiii£§i 5-1-1 5 -m^r;ii-tm2mmmmiz^^'5^~i^m\^'^ 

-r/^'HIS&l 5 ' ®||»^F^-r;'^'lHlJi^l 5 A- 1~1 5 A-m, 15B-1~15 

5 mi 4^^'=>B^^-^^rj:^-c)iz. H-^-r/tisij^f^, 4-3<^tft4 

1 ~TFT4 4:fecfct^l-^®^^A°5>':^4 5;6^e>«^$tlTVi§o ilCDlHlie&^jT' 
J^, TFT41, 4 2 ^NMO SlT^^b. TFT4 3, 44^PMOS'T!=«^ 

TFT 4 1 \^'^(DV-7.timM-^n. V-f >:*t5i-37^1 3 t^^^^tl 

.10 TVi^o TFt4 l<7)<>*-b<h^^^>Fi:(DFBlfc{S. .^■VA°v':$'C/?>^^t^$nT 
Vi^o TFT4 1 OD^r— htc«$ e>(C, T F T 4 2 (D^^— h^SctO^^T F T 4 4 © 
>tii^n'^n^m-^nx \^^^o TFT 4 l .fcTFT4 2 <h«aa^bT@BM 

15 TFT4 2(Dy— 7vtl^:Nfe$nTVi;5o T F T 4 2 © F l^-f >, T F T 4 3 CD 
Hl/-r >'^J:tKTFT4 4©V— Xy^^^^^^aitC^^^tlTVi-g). TFT4 3^S^© 

eA-m-^^^n^o ^Tc. TFT4 3 oy— hjcis. m 2 (Dm^i^^umm^w 

20 ±f3^^coSg^H^-YA*lElSS®lElS&»j{^tc-::>v>T> 015 (A) ~ (c 

j|^^^isiRtfe^,i:bTVi'5c ziomrnxm^xtimi Gizmmmiw^m^^uc 

25 S^^^,^t"^e:<h{3j:t). T F T 4 2 tCT F T 4 3 ^jlLT«^3^^m^ I w}i>^^ 
^n^o ilCDt^. TFT4 2(Dy— h- F l^-f >PBgt^T F T 4 4 cfc o 
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mzmm-^nxh^^cDT^ (3) ^j&^sKiLb. t f t 4 2 ^-imummx-miiF-r ^ . 

l^tci^^^T. TFT 4 2 h • V — XFbI^CI^*, (1) 5S;T-%^^e.n§«EEV 

«am^<t-r^o c:ntc:j;D. TFT4 2(D^—h • v-xmiz^utamzv S 

s ^ /I -> r^' 4 5 J: o X^J^ ^ n -5 „ 

i^V^-c\ (7)«#7X^^^^Jt^{@#we A^iSl/^;i'i:bXTFT4 3 

TFT4ltTFT42 ,h«<ir— h-A^^m^m^tl^ ^ ;^7l/>h$^ — 

iaSf&^J^^L'Tl/iS:/S:S6, TFT4 1 y&ttgfn^j^-ei&f^LTV^njf, TFT4 1 

0 1 4 i;i^-riHig&{;i. EI4 ic^-rtni^ti^^ttc, mmm<Dm-vm^7h 
^mmm.-^^-i^ui 3^mmT^mmt:^T^o z.<Dmmz^\,^x. tft4 

1 <i:TFT4 2 tif)m^mm-^n^f3:ET. ZLtl^T F T (D^mm ii^v^\^^m 

4<Dmmt. TFTo^^mt&^^iz^^i'. m^j^^^nranmrntJEmizitm 
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m%U. TFT4 1 ^:TFT4 2 <D^^^)Vm'W^^XS'^^ ^JVMl^ <Dm^\Z^ 

m^ift. .TFT4 iiTFT42 txwy'-L(Dm^mv <Tnum^o2<^nm 
5 i w^mwjnmi(iumv<:/3i^i.. tft4 2(Z)w/l^tft4 i o^nj: 

FT4 4^i. TFT 4 10)ir-h hT¥T 4 2(D^^-hto:>m\zW^'^rir^mf^ 

-So 

15 ^17}^, «^F^-r/tisig§®^e>tC'te®iHij^fii^*t-iHij^EiT*^c :^m\z 

SSI 5 (D«i^F5'< A'lHlS&l 5-1-1 5 -ra^fcJim2^JS?^^l:i^;g.5=^— :57 
^F-5-r>'^IlIS& 1 5 ' ©H^H^-r A*lllg& 1 5 A - 1 ~1 5 A-m, 1 5 B - 1 
~1 5B-m^UXfflVie>n^. 
20 :*:^?!)tz:'^^«^F^-rA|BlS&fr*^ H 1 InlS&FiltC'^^S^ H ^-f (El 4^ 

■ . m 1 7 tC43ViX> TFT4 1 © Hl/-f >i:-7='— iJ'^l 3 i:<^)PBlf;i.TFT 4 6/&^^ 
25 i^A^nXV^^o Z.<DT¥T 4Q(D^—h ' \^V^>m\Z\t.T¥T 47-fytmm-^ 
n. ^(D^^— FlCtl^ 2or)»#iZi^^$!l^M-^we B^t^^en^o T F T 4 6 © 
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\s\^mmtm4:(Dmmhmmx'$>^(D-v. &,T(DWji^mm-ci^> .m5 (a) ~ ( 
9t-r. F^-f AiHi^-v©»^^i^B#(::«, %mmmm^ d e ^trMisi'^ 

^mm i w/5^^TFT4 2 ^MUTTFT4 1 *5J:?J^^TFT4 6 ^^n^o ei(D<h 
WTFT4 1, TFT4 6^, ^r-h • V — ;^^5&^^tl-?^nT F T 4 4 43 J; 

T 4 1 :feJ:t;?TFT 4 6 (D^^— h • V— XFbIJ;:^ C:fc«ffiV g s j&^^^/^v-^ 
4 5*5cfc?>'^^A5>i$' 4 8 (;ij:oT^n^n«i#$ti^» <D»#aA^ 
0J?4PiS-^w e A ^ « d i J; D-. F ^ /t!plJ?§ <hjt^A::t; 

^16 tT&tm^e^fcjeif^n^'oT, tom-^m^xidmi Q^i^i-x^mmm 
mz. ^-^'mmmmm^ d e^mu^A^-r^o TFT 4 10^— h •. v 

— xr^l^jEV g s «4^^/'^->r$' 4 5 t;:J;oX^^^nTVi§cp-l?, TFT 4 1 ^« 

m^ummxmf^vxi^^mt. tft4 i ^Mn^«^.« (s) ^(?)##ii^«gSE 

*#52.^mr^ I w:d^^— 1 3 (DIKKi^^ I d <h— ^T^o 

zidtr. TFT4 6(Df^fflfcoviTijg59-r^o m 4 (Dmmz^\,^xi(t. m^i^ 
fcj; 5 m^Th^nmi w> ^-^5^^ 1 3 (Dmwimm i d t^^t^iT f t 4 

^^X^^^<DX. (5)^. (6) ^J; f9 I w= I d r v7?^/9feo feT^b. 
^:nf3:TFT4 1 ^mn^m^I d s:^?, ^?n^i^J;i*3ViT Flz-f > • V — xm 
n&V d s tC'fe#b>^V^aiU^^-&TS^o 
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5 m-^m'J>T^. l^^fDip^i^a— h^^^-)l^J}M^. VUO(DmiL^^^^^-Jl^n 

I d s =jti C o (Vgs-Vth) ' 
10 X ( 1+ A V d s ) (17) 

A«iE©^#:-eab-g)o z.<Dm^. m4(Dmmxu. m^72^^m^mmmt 
15 ^nizMi^. mi l (Dm^cDWi^^^pL^o mi 7©tft4 6®i&f^fc?ig 
vdsfe±#<75;D^ ^n^ (17) SitcSTt^Jbtiti. ^"^^2^^^^ ^mmnii 

hZ.:^*^. OLEDfCdfsn'Sm^ I d r v«TFT4 r^^tl^®-e, ^(D^ 
^T¥T 4 IXOm^^Tt^-X^Kfar). ^©Fl/-r>li^ (TFT 4 6© y — 
;:?.«^) y6^'±#-r§o JIO^^:^. TFT4 6©y— h • y— ^.TslttBEVg s tt/h 

25 ^<:^D. ^n\-xoi.-&T>\zmn^mMi d T •v^/h-^<T^^mz^m'r^o 

m^tVX. TFT 4: I (D}^\y^ >m.m%±^<MWi't^.^iif)^X^T. TFT 
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, ^(DW]i^^^^ ^<nt)'^^fzii>izU. TFT4 1> TFT 4.6^tc: H l/-r > 

5 • v-xrBi«ffiv d s izM-r^ \^u-i> ' 'j—xmnm. i d s (Drnmi'^^i^-^ < 

m^^^^n^m^y'-^iz^^ir. 'j^-^miz-m^^m^amm'cmi'f'r^o mmm 
\z^m^umm'vW}i!^-^it^\z\-±. s^-^-^m^^n&ih'tmt^i^^o z 

10 <DmW}\z^n\t. y^—^mi siz^ti^mmi dJi-t. TFrommt^-D^iz^ 
6>-r\ m4(Dmm(Dm^.kVhiEmizm^^^mmiwiz-'^T^o, 

mi 8\t. :^mM(Dm3mmmmizm^Ti^^^':^'^h^)^7.m^^mm:<Dm 
j^m^^-ry^ay^rnx'^i;). m^. mi ^mm^^izum—'m-^^iifi^'zw^i. 
15 -ci^^o :$^mmmmizM>^T ^y^^ :/T hv ^ 7.mm^mmiz:ii^^x. mimm 

20 ggl 9 <hbTmEE«#iii*M©«^t H ^-YAHISg (CD) 1 9 - 1 ~ 1 9 -m^ 

^-mzmm-^nxu^o 

m^i 9 - 1^1 9 -nKDmi^mr^mmM^^-rm^mx^^o m^F^ 
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1. 5 2:i5j^Z^l-Z>(D=¥^/'^>'^ 5 3-^^^m0.'^nX\^^^o T F T 5 1 y^— 

5 h Lim^Atimi Q ^(Dmizmm^tix^^^o ^^A-v-^^SS^. TFTSI© 

^'—ht^^>\^^<Dm\zmm-^nx^^^o ci(Dm^mx},t. tftsi, 52 
^NMosxmf^\^x\^^^t^< ctiu—mx^^x. cinfc^e>n^'bo-c«:^ 

• (Dm^^^m^. m^^^mwim^w e ^m^'-i^m a^xi-t. mu^jv) ti^ 
TFT 5 1 (D^— h • v-xmn&v s s f}m^i2<^nmvw^r£^o 

15 5 3 t^IcfcoX^tt^n^c TFT 5 1 :^^l&fQ^^Tl}jf^bTVmfr^, TF 

T s 1 ^mn^m.^ i dit. 

I d = /i C o xW/L/'2 (Vw-Vth)^ —-(18) 

mm-t^ii^-^^x^^o 

5"^— h=&ia2 0 (A) ~ (G) fc^To 75:*5, ^©»jf^«S*eUJ;:«EF 1 ®» 

, m^. mi 9 ^nm^^K^t.m—nn^ii^x^vx^^^o ^ifiid-^^m^F 
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T 5 4 SrJiJbnUfefl^^j^'DTVi^o TFT 5 -5^—^111 3 <t(DTFT 5 

Cl(7)|l!gS^!ll?'fev TFT 5 1 , 52, 5. 4 =£NMO S T^^bXV^^T&t, cnt± 

d e-xrpm^n^TFT 5 4:^mmi^r^^}&^u^z.t\z^^, 
/N^mg^^ffiVi-rm 1 , ms. mi i $)^^^um i 2iz^T^o fj:r 1:7^^4 y^-^ h 
V ^ T.m^^mm^m^'r^^ii-^^'^mtr^^o mz. ms. gii lab-sv^^^a 
10 1 2(Dm^<DT^y^-fy''^hv^:^mm^mm}zmmvrcm^\z\-^. y'—i^mv 

(Dm.^j2^^t.^~^mi 3-1—1 3 -mCD|glfe5^3^S{C=fTt)i±^il tlCckoX 

^n^ti(DWji^mm\z^m^^'r^o 

15 m22\-±. m&m^^^^mmn'i^^'i j'^m^(D-^^\zm(Dm^M^^Tm^m 
•r^D, .iii4'> m2 1 ^im^'^^izum—n^^HvxmL'Xi/^^o :^miz^^ 

F^-r/ttslS§T«, 02 l(Z)tlIS§J^, TFT 5 1 (D<^r— h t F l/O-hODral 

izmm-^nr^u-ty htfts 7 TFTS ia)<^r— h^tfts 2®^— X 
^KDmizmm-^nrzy^—^m^ji^^^^/'^iy^ 5 s ^:^ii^inb;^^^<h;^cj:.oxvi 

20 

(^^^4^^ Av-ij' 5 3 tti^i^^n. ^(D^w^nrcmmz^-z^i^^xTFT 5 if}^ 

itt^o^t^ e,r3< (1) ^izm-DxmmnmmtBrD^. m^co^a^^iRtQ.^'^ 
25 m'\kfj^^^o 
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TFT 5 7 t:ij^oTTFT 5 1 ©y— h • }^ y^m^(DmmnM.^izm^-^ 
-&^»if^$ff t^fe^, TFT 5 i(D^'-htmn?<t}mi 6 t^^-^m^oi^^ 

■ ^^^/N-v'rS' 5 8 fcckoT^a^-^^it-S^^^^^^itCck Dx TFT 5 1 Ob 

^T, TFT 5 4;0«:^>5K^T2fe§<h#. «J ir h T F T 5 7 O^J/*— h tCj^ 1/ 
^;KDU-fe^y hm^T s t ^^;^^;i<h^;ii:oT^MTFT 5 7^:^>ib»c^t-r 
§o -r-S^> TFT5 1©er— h- F l/-<>/O^^«m6^JC0l§$n-g>7:)^\ ^©<h^ 
10 TFT 5 4/0^:^>.Jfc»t^Ta&-s)X. ^»ve, T F T 5 4 cfecfcZKT F T 5 1 ^^O^ 
bT^7*^> Fi::fB]:^^oT@^1t;0^^^tlT^^^y^5e), TFT 5 KD^—h ■ V — XPbI 

' j;-:>TTFT 5 4-^^:tymM\ztji^t. TFT 5 1 ^m.n^mmn< FR^omm 
15. ^mmi^rcmiz^n\zfs:^o ^<Dt^. ^(dvu^> -y'-^hm-^^TFTbiiz 

^■D'Vmi^-^nX\^^^r:ittVTFT5 1(D]^U^>^J^ZS'tr—hO:>mm^'Af^\Z 
^(D^^. TFT 5 2©y->tCJ«U^;i/©#^3X^^!l^Sf{t-^w e ifim^-^n^ 

Co. Cdh-f^t.TFT ^ l<D^—hmmtM^ 

25 AVg=V.wXCd/ (Cd + Cb) • (19) 

7^cfrt-h#"r^o ffi-^ttiEVwO^JPtut-i^V g =V t h-r£b^fe:^>^e), TFT5 
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Vg s =V t h + A Vg 

= V t h+VwXCd/ (Cd + C o) --(20) 

it-^«ffiVw©EpilP^«TFT 5 2 ^:ty'^m^l^. TFT 5 4©^^-hfc|K 

:feckrX (2 0) ^/?>^6 

I d = MeoxW/'L/2 {VwXCd/(Cd + C o)} ^ (21) 

iztji^ iUT. z.cDmr^^mmmiphm'r^) » (2 d^jsu^v^mv t 

^^T'cCl'iili/^^'B). IKffil«^jl I df^TFT 5 1 (Db^l/^MV t iKDit^-D^iZ 

ll(D^^\Z. 5 3 ^5^-iS'»^j2.^^-\'/t5>'i§' 5 8 ©A:tfi^<h^^ 

T 5 1 ©y- h ♦ y— X^SJBEVg s :;&tfa^^v t 11 + VwX'^;! e>n-5c -T^Sit? 

0 2 5 JI8 iHijiS^ni©^ e.fcfifio^j^^^^-risii^^'irab m^> mz 4 
tmmu^\zum—w^^nvx^vx\^^^. :$^^mm\zm^mM\^^-(/^\Bi^ 
x\x^ v'-^m^^^^^^j-xzyi^ 5 -8 (Dmnxtimmy — }^ ^m^<Dn^M. (* 
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^ K ^ ifiisg t *ai4 u X ^ o 

^mtmm^z. tft 5 7 (Dy—hizmu^jv(DU±y hm^i s t ^-^^^z. 

chfdck^-r^MTFT 5 7 ^:^>ij^miZ'r^Z.ti^. TFT 5 1 <Dir—h • F U 

TFT 5 4:(D^—V\Z-^X^ri^Mmmn<ii }zh.^-XT ¥ 

10 T 5 4f)^:ty%m\Zf3i^t.. M 2 4 (Dm^mtW^mz. TFT 5 1 (D^- h^fecfc 

FT 5 2 (D^— h.{Z-^X^n^m^T2^^m^mm^w e\-^^U-^JV(D^^X-^^ . 
itt>K)izmr:Lizma-^nrcTFT 5 9-^^V±y hmnr s t \ZJ:'D'T::^>^mh 

15 \zrji^o 

-e©^, him-^r s t-^im.UOl^^rji^ZLt'V. T F T 5 9 fi^^'v'H:^^ 

tuD. v-A^^mzm^jh^umm^w ei}mu^)i^htsi^. m-^xtimi eiz 

20 ,mmmi^m2 4(D^mm^mu\z. mt3.Y t h+Y-^iifa:^. 

:L<Dj^z>iz. m2 5(Dm^mizm^nm}^^^Ammz^},^x}t. s^e^/^ctSj 

mmztji^^^h\z. m^j^^T^mtim<f3i^M.\z;^^„ -r-^t)-^. m2 4(Dm 

^mo^^ iZ. hWsi^miZ. -ft-^A:*?^! 6i5.krXTFT 5 2 ^^bX^ 
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• ^n\zMVT. m 2 5 (D\ElWm-^. TFT 5 9 ic:J:oXfg^fc=^^/^>':$7 5 

(A) ~ (D) iz^'r<i:v^z. y'—:$'.mmw}m^^(Dm^mf£vw(Dm^jh^m 

10 bTv^So ^mmmmizm^T^^^':r^h^ji^:7.m^^mm\^. msmmj^m 
-r/cCtD-fe, m3mmi^m\z%^T^^>i':r-^y')^7.m^w^m-v\-^. 'f—'^ 

UY'y^n^^X 9 7J)^l^^a)«J£»^52i^Mm^H-^-miHl^ (CD) 19- 
15 1~ 1 9 -mtCctoT^^^nTU'St^JcML'T. :*:*SS?^0i;i'^^T^'5^-r 

^Mtt^ F^-f/tlHll^ 1 9 A- 1 ~ 1 9 A-m, 1 9 B - 1 ~ 1 9 B -m, 19 
C- 1 ~ 1 9 C-mJ;iJ:oX^^$nxVi§ 
^bT^ 3^5^©mJE»^j^^MS^F^-rA'|Hlg&l 9 A - 1-1 9 A-m, 
20 19B-1~19B -m, 19C-1~19C -mi: bT. %v^\^tz.m 8 Elg&^il 
l;i#^Sffi*$3A^^«i5^H^-r;tlHli?§, SP-felEI&TFT 5 1 h • F V-f 

>^m^CD^FBl«m6^fc^!^^ii:«>«jf^^tTofc^, TFT 5 1 oy- h 
XtiUl ^ t.^^W^^-^'^^z.i^i:. TFT 5 l©b#Vi#;dn^e.-::?v;^Tt), 

25 iiBE»#iz-^sm?j5£ Y^-^ nm^-^^-'^umz 3 i^^^tt^cssfs;^©® d 
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ST^i, ^^^ffiit-r i7;|/t-:feV>X, El 2 8 (A) ~ (C) \Z^-r<i^^\Z. 3 

m^mm^iiiz^j]nmx^j^^izi^x\^^^. 
z.(Dj:oiz. v±y hmm • mm^ih^mip • mmwj^<D 3mm(Dmi^^m<o 

10 ^^:^^mmm\^^<Am^^ i:$i<Dy'—^miz'D\^^i: smmir-^mf. ^^^^ 

15 [ms^ss?^^] 

02 9ft, :$^mm(Dm5mmmmiz^^7^y^^.:f'^hv ^:^m^^mm(Dm 

TVi^o :$^mmmmiz^^y^y='^':/'Thv^7.mm^mm\^. mimmmmjz 

20 JD^T, m-^A^t/f.S 1 6 <h^^^> Ft^ratC, M^JSNMOS h^>>?;?.i$^;0^6> 
;S:^U-i?m^ (LK) 5 5^mfmvrciM^<^WLtVX\^^^o 

25 itmm:k^:^mmf}m^i^mn.f^^iii^x.m-^xi3mi6(Dm^-^^itmmm 
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mggjd^sv^k-r. TFX3 nzj;:'DTm^xt}mii Q(DmMc sf^Eizmx&nrzL 

5 TFT 3 1 (DL'^\^^imzrji^t^>o^^'Q'^^o :i(DJ;:^\Z. im^Xt}Ul6(D 
«ffi:!i>^'T36^^oXTFT 3 I (DV^^^^^miZti:^ TFT 3 lO-i >\£~-^''> 

x^mKuv. mmm\z\t^^\z \'m} m^i^^-^mTvm^c m.m\zu. mm. 
10 z.n\zMv. :$immmmizm^y^y^4':^'^hv^:^Mm^mmx\t. m-^x 

■^:^^J;:.o\zTUXh^^o^n\zJ^K). m3 0\z^-r^t>\z. rnj ##32,^B#tc 

. ' TFT 3 1 (Di.^i^^g.y&miz^i^^xh^-^mm&'^^iti^mmmizi&Ti^. ±m. 

re J m^jh^miz^\^^x^-^mm^:fy^±^-r^h. trnz]tmi^xm.inm'=?- 
K^n^mm^mtQ-r^. ^mt. m4\zm-rmmv^-(/'<mmz:isi,^x. tf 

20 .. Z.nizMl^X. 0 2 atC^Tck^ Id, U-i57^^5 5 ^ibTNMOS h^>i^ 

7.^^m.mv. mmh9 y-y^^i^'t^mm^x'mi^-^-^tnt^mkwji^^ysi^rz. 
tb. ^(D^vt^^^m^mA'^mzmTu^z.t-fy^x^^o NMosh^>>^x 
^(Dv—^m^ (LK) 5 in^mtiit^ m^i^^ mm^^^m) iz<D^m 
m'^m\zf3i^j^o\z^'—hm^^pm-r^ms^^m^^hhx^^o 
25. ^(D^^iz. G hm^n^ta^mizv—^m'¥-5 s^mm-r^m 
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Mo.s h'7y-j.7.'^fs^^fs.^^^}^^—-jm^ (PC) s Q ^mnvr^^^w^ 

m^H^-TAIUgS (^dA-tf, 04©«-&) ©TFT 3 r(Db#Vi{it5&>*0 V^^<h 

^©».^iz,^Btwi^tcTF T 3 1 <Db^vMii{C3^ufcj:v^ji<h'b^;^e.n^o ;i® 

TFT 3 1 Uv^-^mi Z(DUWim\Z-:^yMmt.fS.Ki. 
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fcLTVi'g)„ c:©/N°;u;?.Epj3nt;:cfc-=»T, -fS-^A:^/^ i 6 od^je^O^^tft 3 i cDL- 
^ h V ^ T.mm^mmizhmmizmm^m'v^^o t^^. y°o'^^^-i^m^ 
^^^-r ^ ;i <h Pi fgT? ^ ^ „ 

E L ^ffi T ^ ^ V K u X s E L m^mm \zmm v r^m^ 
iz^'D'zmm^mitt^^^ytmm'^^^^m'f'ii vxmi^^r^r^^^ y-r h u 
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tt^iz. ^n^^mmmm^mi^'r^m^:$^(DM^m^j^n^mmm^izmm 

m^mm^—RUWvr^Wimm<Dmx'mtm^:$^(Dv'-i^m(D^^ iz^ 
^^:i^iz^-o;r^mmm^izM'r^mm^m(Dm^i^^mm^n^mmm^^ 

2. mmmmmi^cD'^^ }t. .mn^mmiz^-oTmm.i()m^hT^mm.^^m 
^^wb. .... 

•. mmmmiBimt. mmizm\^rz±^-^(Dmm.^. mmm^:^(D^-^m 

3. mmmwj\Eim-im$^m^^(DT'--^mmzmn^ti. mtmm'mm^m 
mom-v^wr^um^h. m$BUi^wzx^wi^r:imR^mmiz^mvxmtd, 
m^^oD^-^mo^^^iz^^-r^mmu^^m-t^ 

5. mt^MWjm^\z^\^^x. 

wm^mm-t. ^\y^>hy'-v.h-mm.m.mzm.m-^nr:i^m\z:&^t: 
mummmmti^nm(DT^x^^-^n^z^\z^^x^(D^-v ■■v-7.m\z 
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tim^. . ' . . 

.10 mt'E.mwjmmts mmmBmmf}mm<Dj^x-¥^^n. :z:(Dm^^mj£ 

izx^wvr^m}£^mmizmmvxmmm^:^(D^—^m(D^^ \zm^T^mm 

mm^m^^ t mmnwm^m iz mmmmmm ^ m^-r ^ mmm^ ® m \z . 
15 mmmmmmcom^^^mizmmmmxmi¥T^^ >\f:-^''y:^mmm v ^ 

7. mmmmm-i. ]^u^>^l^^-h^l■fy^mm.mzm.^•^tlrc^m^z$>^h 
mum^mWif)mm,<Dmxmm-^n^:ih\z^^x^(Dy~ h • v—xm\z 

mmmmm-t. wm^^ n^y-^ (Dunnmzm-^\,^xmmm.Wi-^<D^- 
•r^mmm.i^<Dmz. mumm'mm(Dm'^^^^m\zmnmmxm'^'r^'i 
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M IBM ft 'If ^ (oMK^iL^m^i umum umwm 2(D7.-cy^mi^ 

14. BufBIES!jlE]iiSJ:i43ViT. tuIBH 1 h ^ >i^X^(D9^i' :^;H|il 

.15. wmmmmm-t. HfrfBmi©x<>y^m^.hHufBBi®m^^mh^> 
^^Wb> 
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18. M.fBigSblElS&l:i43ViT. 

.15 19. mmmmmm-t. mmm^^^^^^ n-^'^ <Dm^xtiumj - y t.mM 

» #3^^^ ^ >- ^ <^fs ^ A:* y H yO^MIBm^O^fi: ^ § 
20 •;i.<h^#^i^ii-r^l»^:® l 8tBic(DTi7 5^.^' >^'x'>Ui:7XM^^S«o 

20. tuiB^wjiHigsf*; i^(D'f-'5^m\z-^^^xm.Wi^mr-^m-y^nx\^^^ 
2 1. mvd.mwim^\t... i*©5^-^^st;i-:?viT2 5^^-rotstte>n, — 

25 «9 32.^^tT-5 • 

Jli:^'#i!ti:-r^i»5lt^2 O sBa^T^^T"^ :7^-7 h U ^ XM^^^«o 
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2 2. mv&mwim^u. i:$:(D-y^—^miz-D\f^x3^mT-^m^f^n. $>^m 

:ii^#!tct:-r^B»^:SlfBm®Ti7 5-^ ^/-^ h Ui^XM*S^S«o 
15 2 6. b U i57XJ|:^tc:@BM$n^.i:^feic:, :ine»#iiimill^^^ 

20 «-ra&oT, 
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15 2 8. mm^y\f.-^y':^^WkmY'y>^^7.^\t.. mib^ 1 h ^ > 

il i t -r ^ 2 7 IBtfe© T i7 ^ ^ V h U X ia^^^So . 

2 9. MSB<>lf-i5^>X^^ffl h^>^?X37t^, MIBiEI&llISS^tCigfrtetl 

20 ili^#iii-r^it^:^2 7 tBm0TiJ7^ ^:/vhUiJ7 xi^^^^go 

3 0. MBB1t^:*:(Dx--iS7^^{C^tte,nfcHift3^«ilHl^;&tynv;/i7'ft:^nT 

25 il<^i^##<h-r^Bf^:5 2 7gB«©T^^^:7-'^hUi^7;;^lS^^^g, 
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5^:^ h ^ > S^X <J: ^ ;^ «jiiff f ^ ^ 1 CD ;^ ^mi^ t > tal3^ 1 

M IB® ^'if ^ ©Si D ^Blp ttr IB^ 1 :fe J; IK^ 2 © X ^m^^m 
10 ^4^c^<i: b, ^©lXD5A^i^T^fc«Mf3^2®X-r ^;/5=-*^^jS»fJb:^^b, 

15 StrtB^i. m2o«|?-^:^h^ >5^x>J*. h$^-lHig&^?^^ 
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